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Abstract
Background and aims: Low levels of vitamin D are suspected to be a risk factor for cardiovascular disease and atherosclerosis. The aim of this study was to assess the prevalence of subclinical atherosclerosis among Inuit in Greenland, and to evaluate the association with vitamin D status. We hypothesized that low vitamin D status could be associated with higher carotid intima-media thickness (IMT) as a marker of atherosclerosis. 
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Introduction
Vitamin D is an essential fat-soluble vitamin with great importance for human health. There is an international consensus that vitamin D is important for maintenance of calcium homeostasis, bone health and prevention of fractures (1) . Recent studies have identified low vitamin D as a new potential risk factor for atherosclerosis and cardiovascular disease in general (2, 3) . Carotid atherosclerosis can be used as a clinical marker of systemic atherosclerosis due to early onset, location and easy detection by ultrasound (4) . Additionally, the presence of carotid plaque and measurement of the carotid intima-media thickness (IMT) can be used as a surrogate marker of subclinical atherosclerosis (3).
In the Arctic, dermal production of vitamin D is low due to the large solar zenith angle (SZA), long periods with low sun exposure and the continuous need for protective outdoor clothing (5, 6) . Additionally, the dark skin pigmentation in the Inuit population may reduce vitamin D synthesis in the skin (7) . Previously, the high intake of traditional vitamin D rich diet containing fatty fish, seal and whale, probably compensated for the poor skin synthesis of vitamin D (5-7).
During the last 50-60 years, the traditional diet of the Inuit has largely been replaced by imported foods (8) , along with an observed lower vitamin D status in Arctic populations (6, 9, 10) . A new study confirms that vitamin D deficiency is increasing in Greenland (10).
Formerly, it was a common notion that ischaemic heart disease is rare among Inuit in Greenland due to their marine diet with a high content of omega-3-fatty acids. However, the scientific evidence for this is weak since it is not based on systematic studies, but rather uncertain mortality statistics (11, 12) . So far, only two studies have reported on atherosclerosis among Inuit in Greenland (13, 14) . One of these reported that indigenous Greenlanders develop atherosclerosis to the same extent as Europeans (13) , and the other concluded that the extent of advanced atherosclerosis in Greenlanders was similar to that reported among Alaska natives but less than M A N U S C R I P T
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In this study, we hypothesized that low vitamin D levels were associated with higher risk of atherosclerosis among Inuit. We used serum 25-hydroxyvitamin D3 (25(OH)D3) concentration as a measure of vitamin D status and included blood samples collected in [2005] [2006] [2007] [2008] [2009] [2010] and in 1987. Carotid intima-media thickness (IMT) was used as a surrogate marker of subclinical atherosclerosis. Subclinical atherosclerosis is hereafter referred to as atherosclerosis.
Materials and methods
Study population
The Inuit Health in Transition (IHIT) study, a general health study in Greenland and Canada that aimed to investigate health and diseases, lifestyle and life conditions in the Arctic regions, was carried out between 2005 and 2010 (15) . One purpose of the IHIT study was to assess risk factors of cardiovascular disease to obtain a better understanding of the health effects of the transition from a traditional to a modern and industrialized lifestyle in the Arctic regions (15) . Participants in the IHIT study in Greenland were selected through a stratified random sample of the adult population (+ 18 years) born in Greenland or Denmark. Greenland was divided into 10 regions based on geography and community size. From each region, one or more towns and villages were selected.
The towns were selected as representative of the region in terms of living conditions (15) . Villages were chosen randomly in the regions, and all adults living there were invited to participate (15) . The total study sample consisted of 3108 Inuit (9.1% of the total adult population in 2005). The IHIT study population represented all age groups (+18 years), all geographical areas and all community sizes of Greenland. A valid serum 25(OH)D3 measurement was obtained from 2,877 individuals (93%) (10) . 1,043 of the participants had an IMT measurement conducted (only a random selection
of individuals aged 40 years or above were examined), and 793 of these measurements were valid (individual mean IMT was based on a minimum of 6 segment measurements as described in section 2.4). Individuals with valid serum 25(OH)D3 and valid IMT measurements were included, which lead to the final number of 756 participants in the present study. Thus, due to invalid (less than 6 segment measurements available) data on IMT (n=250), missing data on IMT (due to random selection and cut-off at ≥ 40 years, n=1914), missing data on serum 25(OH)D3 (n=37) and ethnicity other than Greenlander (n=151), a total of 2352 individuals in the IHIT study were excluded from this study. 
Collection of blood samples
Blood samples from 1987 were drawn from May to June, whereas samples from 2005-2010 were collected during all months of the year in the period from April 2005 to October 2010, except for July, November and December. Blood samples were handled and stored as described elsewhere (10). were negligible, only 25(OH)D3 was included in the analysis.
Measurement of vitamin
Measurement of IMT by carotid ultrasonography
Measurements of the intimal to medial arterial wall thickness of the carotid arteries were performed using a high resolution B-mode ultrasound portable device (Model LogiqBook, GE Medical System, Milwaukee, WI, USA) with a linear 4-10 MHz probe (Model 10LB-Rs, GE Medical System, Milwaukee, WI, USA) by two experienced sonographers who conducted the ultrasound scanning according to a standard protocol (17, 18) . A transverse scan was performed prior to a longitudinal scan in order to detect any hemodynamically relevant stenosis or presence of significant plaque defined by a focal echogenic structure protruded into the lumen vessel. Segments Internal carotid segments of the near and far wall on carotid artery in both right and left side of the neck were averaged and referenced as a mean IMT (17, 19) . This study will refer to a mean IMT from each participant calculated as an average of available measured segments. However, to be a valid IMT, a minimum of 6 segment measurements were included in the mean IMT with at least one segment measurement from each frame (Common, Bifurcation and Internal) of both right and left carotid arteries. Atherosclerosis was categorized with the following cut-off values according to Riccioni et al. (20) : No evidence of atherosclerosis (IMT < 0.8 mm), some atherosclerosis (0.8 mm ≤ IMT ≤ 1.2 mm) and extensive atherosclerosis (IMT > 1.2 mm).
Potential confounders
Information on age, sex and smoking was collected by interviews as part of the IHIT study. Hepatic insulin resistance (HOMA-IR) was calculated using the formula: fasting plasma glucose (mmol/L) x fasting plasma insulin (mU/L)/22.5 (21) . Systolic BP was measured three times with an automatic measuring device (Kivex UA-779) with an appropriately sized cuff. The last two measurements were averaged and used for the analysis. Physical activity (PAEE) was recorded by the International Physical Activity Questionnaire (long version IPAQ), modified and validated for the living conditions of the Greenlandic population (22) . Anthropometric measurements were used to 
Ethics
Written informed consent was obtained from each participant included in the IHIT study, the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki and t has been reviewed and approved by the Ethical Review Committee for Greenland.
Statistical methods
All statistical analyses were performed using the statistical software STATA version 14 (StataCorp. Unadjusted. Model 2: Adjusted for age, sex and genetic admixture. In all models, a quadratic term of age was included in order to take into account the non-linear effect of age on the association between serum 25(OH)D3 and IMT.
Results
Characteristics of the study population
In the IHIT study, the median age was 46 years (interquartile range, IQR, 40-56 years), the median 46 kj/kg/day). IFG was more prevalent among men than women (23% vs. 16%).
Prevalence of atherosclerosis using IMT as a surrogate marker
Based on IMT measurements, three (0.4%) of the 756 individuals had extensive atherosclerosis and 149 (19.7%) had some atherosclerosis. Thus, according to IMT, the overall prevalence of atherosclerosis was 20.1% in the study population.
Associations between IMT and serum 25(OH)D3 in the IHIT sample
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Associations between IMT and serum 25(OH)D3 in the 1987 sample
A linear unadjusted regression analysis (n=102) of the association between serum 25(OH)D3 level in the 1987 sample and IMT measurements in the IHIT sample showed a positive association between serum 25(OH)D3 level and IMT (1.1%, CI: 0.4% -1.9%, p=0.003). However, after adjustment for age, sex and admixture, the association disappeared (0.07%, CI: -0.68% -0.82%,
p=0.86).
Discussion
The overall prevalence of atherosclerosis was 20.1% according to the applied definitions (IMT ≥ 0.8). A Canadian study among Inuit in Nunavik found that 11,5 % of the study population had an IMT greater than 1 mm (19) . That study referred to a higher risk of cardiovascular disease if IMT was greater than 1 mm, however, not linking IMT directly to atherosclerosis. The difference in cutoff between the Nunavik study and our study may at least in part explain the difference in the prevalence of atherosclerosis based on IMT. A study among Alaskan Eskimos reported that carotid atherosclerosis assessed by ultrasound was more commonly detected in that population compared to American populations (25) , but the specific prevalence was not reported. A Canadian study M A N U S C R I P T
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The Manfredonia Study, which examined an Italian population and used the same cut-off as used in the present study, found an atherosclerosis prevalence of 54% (27) In the present study, methyl mercury was perceived as a classic potential confounder due to its association with both vitamin D and IMT. Environmental pollutants and methyl mercury have been shown to be associated with cardiovascular outcomes (23, (37) (38) (39) and IMT (40, 41) . Of particular interest to Arctic populations, some studies suggest that Inuit who eat a traditional diet with a high intake of fatty fish, seal and whale, and therefore have a high intake of vitamin D (10), are at the same time highly exposed to environmental pollutants including methyl mercury (23, 42) .
Environmental pollutants and mercury bioaccumulate in marine mammals and fish and are transferred to humans through the diet. Mercury is present in the blood and organs of Greenlanders in concentrations well above international guidelines (39, 43) . In the present study, the positive association between serum 25(OH)D3 and IMT was eliminated after adjustment for methyl mercury. A possible explanation could be that the association was "carried" by methyl mercury.
Other environmental contaminants and heavy metals specific for the arctic area, such as polychlorinated biphenyls and cadmium (44) , are reasonable to consider as factors with possible impacts on the findings.
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The Inuit population is highly genetically differentiated from other populations, because of being isolated and affected by bottlenecks in population size (45) , and diet and climate adaptation in the Arctic has favored genetic variants associated with severe insulin resistance and increased susceptibility to cardiometabolic disease (46, 47) . In the present study, the population structure was taken into account by adjusting the association between 25(OH)D3 and IMT for genetic admixture, with the aim of minimizing the risk of confounding by this factor. 
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